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INTRODUCTION
Joint operations have become the mainstay of 
warfighting.  Force Transformation requires the Test 
and Evaluation (T&E) community to place a much 
greater emphasis on testing joint warfighting 
capabilities.  A unique challenge in assessing the 
effectiveness and suitability of systems in the joint 
environment is the multitude of possible interactions 
and outcomes in a system-of-systems construct.  New 
and developing acquisition programs rely on 
interfaces with existing or future systems, quite 
possibly from separate services, to achieve mission 
success.  Because of resource constraints and the 
complexity of conducting live, virtual, and 
constructive testing in a joint mission environment, the 
Joint Test and Evaluation Methodology (JTEM) 
program is interested in determining if analytical 
techniques, like Modeling and Simulation (M&S), can 
be applied to understand the relationship between 
system-of-systems performance and joint mission 
effectiveness.  As a proof of concept for investigating 
this possibility, Network Enabled Weapons (NEWs) 
was chosen as a framework for further study.  The 
NEW concept centers on the ability to identify, engage, 
and attack moving targets, within moments of their 
identification, through the use of in-flight target 
updates (IFTUs) across a Weapon Control Network 
(WCN).
As acquisition systems like NEW are required to 
conduct more testing in the context of a joint mission, 
it will be essential that these tests be as efficient and 
useful as possible.  With the complexity of the joint test 
environment, M&S is one of the most effective tools to 
help understand the environment, design an efficient 
and useful test, and to help investigate robust 
possibilities in the use of forces to accomplish 
operational tasks.  This research used an agent-based 
distillation, which is a type of computer simulation, to 
model the critical factors of interest in combat without 
explicitly modeling all of the physical detail.   Agent-
Based Modeling (ABM) refers to a type of simulation 
made up of agents (or entities) that behave 
autonomously.  These agents possess simple internal 
rule-sets for decision making,  movement, and action. 
When combined with other entities in the model and 
subjected to stochastic conditions, the agents interact 
in ways that are often reflective of large-scale system 
behavior.   
As with many complex endeavors, military 
conflicts typify an environment of autonomous or 
semiautonomous agents, uncertainty in behavior and 
outcomes,  a wide range of operational inputs, and 
complex interactions between entities.  The 
combination of ABM with Data Farming offers an 
exploratory, analytical approach to broadly consider 
uncertainties associated with elements of warfare that 
might otherwise be too costly or time intensive to 
study with other means.
Description of Scenario
The base network configuration for this research 
will include three active nodes—the strike aircraft, the 
weapon, and the “weapon controller.”  The weapon 
controller can refer to either the strike (i.e., launch) 
aircraft or a third-party Joint Terminal Attack 
Controller (JTAC).  A multitude of possible mission 
scenarios exist,  but an example of a particular 
15 - IDFW 14 - Team 5
* For more information contact: Chris Wegner, cmwegner@nps.edu.
construct is provided in Figure 1.  The lightning bolts 
represent networked communications between the 
entities involved.  Through communications with the 
Combined Air Operations Center (CAOC), an 
identified target gets assigned to a mission typical of 
the concept of operations for a NEW.  During flight of 
the weapon, target location updates are passed to the 
guidance system of either the aircraft or the NEW in 
order to maneuver the munition to the target.   This 
networked capability is what enables the engagement 
of moving targets without using existing technologies 
like laser-guided identification or camera-guided 
flight.
Figure 1:  Guiding a NEW to the Target
Experimental Design
Rather than taking a “trial and error” approach to 
experimental design (be it live or in the M&S 
environment), researchers often use specialized 
techniques to organize the myriad of possible 
parameter settings.  The overall objective of the design 
is to maximize the information gained from a limited 
number of experimental runs.  The use of orthogonal, 
or nearly orthogonal, Latin hypercubes with excellent 
space-filling properties enable efficient exploration of 
simulation models.   Unlike traditional factorial 
designs, which test only a few factors at a minimum 
number of levels, a space-filling design explores a 
broad landscape of factor settings.
The base scenario developed for the workshop 
consisted of six agents (Launch Vehicle, NEW, Mobile 
Target,  Ground Observer, Weapon Control Network, 
Command & Control Network) and 17 factors. The 
Design of Experiments used the Nearly Orthogonal 
Latin Hypercube (NOLH) approach—resulting in 129 
design points. Due to unforeseen difficulties in 
computing resources, we were limited to 10 
replications for each design excursion. Our intended 
measures of performance were single-shot probability 
of kill and the amount of time between target 
identification and kill,  for those engagements resulting 
in success.
RESULTS AND ANALYSIS
Our most profound results during the workshop dealt 
with understanding of the model itself, as opposed to 
the post-run data analysis. Using the model’s 
Graphical User Interface visualization mode, we were 
able to notice several anomalies related to either 
physical interactions of the agents or operational 
inaccuracies. We also explored and documented a 
myriad of operational “What if?” discussions, which 
may provide insight to concerned parties, irrespective 
of any simulation results. We finished the week with a 
much greater understanding of the model’s 
capabilities and limitations and a healthy list of 
improvements required before using the model for in-
depth analysis.
 Follow-on Research
Further development of the model was completed 
after the workshop in support of the author’s Master’s 
thesis at NPS.  Using the NOLH experimental design 
techniques, the computer model was run many tens of 
thousands of times, with each parameter having 257 
settings varied uniformly over operationally viable 
ranges.  The results were analyzed to determine the 
critical parameters required for mission success.  In the 
case of a single moving target,  indicative of a wheeled 
or tracked vehicle,  the analysis indicates a significant 
time-distance interaction between the sensor range of 
the ground-based JTAC and the speed of the target. 
Specifically, when the target speed is less than 13.2 
meters/sec (approximately 30 mph) and the JTAC 
sensor range exceeds 2,117 meters, the model indicates 
an 80% improvement in target kills, regardless of the 
other parameter settings.  Moreover, when a 
combination of these two parameters is constrained 
across a realistic, but time-sensitive range, the model 
indicates that the amount of time taken by the decision 
authority to issue a Close Air Support (CAS) request 
and the speed at which the launch aircraft flies to 
engage the target provide the most improvement in 
mission success.
To test the system’s ability to engage a 
subsequently identified high-value target (HVT)—
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possibly with a redirect of a NEW already in flight—
scenarios were run with two targets in the battlespace. 
The second target possesses the characteristics of a 
dismounted individual on patrol.  The model indicates 
different results for the kill rate of the HVT, depending 
on whether or not the launch aircraft contains a load of 
two NEWs or just one.  In the case of one weapon, for 
a JTAC sensor range of less than two kilometers, the 
kill rate of the HVT is shown to improve by nearly 
82% if the In-Flight Target Update (IFTU) interval is 
less than 50 seconds.  In the case where two weapons 
are available, the most important factors affecting the 
HVT kill rate are specific to the weapon itself.  Namely, 
if the impact radius exceeds 5.4 meters and the 
probability of kill for a target within the blast radius is 
greater than 0.92, then the overall kill rate approaches 
95%.
SUMMARY OF FINDINGS
While relatively simple in design, the simulation 
model provides a realistic depiction of operational 
scenarios and the interactions of systems within the 
NEW construct.  Over the course of this research, the 
author consulted with JTEM personnel and subject 
matter experts within the NEW development 
community to discuss model functionality and the 
ranges of settings for model parameters.  The author 
and the model co-developer worked through 
numerous iterations of programming and debugging 
over the course of six months in order to refine the 
model and improve its performance.
CONCLUSIONS
The results of the analysis determined key interactions 
in NEW system-of-systems performance. 
Additionally, when considered in context of the 
scenarios developed, the model provides insight for 
program managers trying to understand the required 
performance characteristics of systems in 
development.  Most importantly, the research indicates 
that ABM, especially when combined with efficient 
design principles, can yield a method to quickly 
analyze a complex system-of-systems construct and 
provide JTEM with a framework for effectively 
conducting testing in a live environment.
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